NTIA Technical Memorandum TM-13-492

Antenna Selection fo
Al rborne Radi o

Frank H. San

technical memorandum

US.DEPARTMENT OF COMME R CEledommunications and Information Administration






NTIA Technical Memorandum TM-13-492

Antenna Sel ecittioomi Mo
Al rborne Radi o

Frank H. San

U. S. DEPARTMENT OF CO

November 2012






DISCLAIMER

This memoranduridentifies @rtain commercial equipment and materialadequately specify
technical aspects of the reported results. In no case does such identification imply
recommendation or endorsement by the National Telecommunications and Information
Administration(NTIA), nor does it imply that the material or equipmieentified is the best
available for this purpose.






CONTENTS

Page
LIST Of FIQUIES...... ittt e et e e e e et e e e e e Vi
LISt Of TADIES... oottt e e e e e e e e e e e e e e s s s smmmeeeeeeeeeenssesssnnnnnnns VI
ADDIreVIatioNS/ACIONYIMS ... eeee e e e e bbb e e e e e e eeernseeee e viii
1 Problem SEAtEMENL.........i i 1
0 I 1 Yo [ Tod 10 o SRS 1.
1.2 Methodology for Selecting Antennas for Monitoring Airborne Signals...................... 2.
2 Monitoring System Signal Reception Calculations............cccccccvvieeeiiiiiiiiiiiiiieeeeeee 4
2.1 Elevation Angles of Airborne Transmitté&bove Horizon at Given Distances on a
SmMOOth ROUN EAIN.......cco oo rrrnr 4
2.1.1 Maximum Smooth Round Earth LOS DiStanCes............cccccvvvvrimmmnnsiniiiiiieniiinnneee 4.
2.1.2 4/3 Smooth Round Earth DiStANCES........uuuiiiiieee e eeeen e e e e e 4
2.1.3 Elevation Angles of Airborne Platforms Above Monitoring Station Horizons.......4
2.2 Received®/NLevel at a Monitoring Station via Free Space Propagation................... 7.
2.3 Received/NLevel Versudistance as a Limiting Factor in Monitoring Station
=To T 1[0 o FO PP P PP P PP PPPPUUPPPPPPPP 10
2 5 I U L 1 £ PP PP 11
2.4 Optimal Monitoring Antenna Gain and Elevation Angle Coverage....................eeee.. 11
3 Example Development of an Optimized Radiation Pattern for a Monitoring Antenna...14
1 200 I [ 10T 18 Tod 1 o o 14
3.2 Parameter SELHNQGS........cooviieiiiiiiiiemme e e s e e e e e e e e e e e e enana e as 14
3.3 Graph of Optimal Monitoring Station Antenna Elevation Pattern................ccccceeeee.. 14
3.4 Comparison with a Comméaily Available Antenna.................cccieiiiieeviiieiiceeennns 14
3.5 SUMIMIIY. ..ttt e e e e e emena e e e e e e e e e e e e e e e e e e s amnneeeeeeeeeeeeenennnnnnnnns 16
S (=] (=] Lot L ST RRRRPPPP 17



LIST OF FIGURES
Page

Figure 1.Top Altitudes of low Earth orbit and highltitude atmospheric

platforms shown at true scale relative to the
Bottom Expanded truscale diagram of linef-sight horizon limit for airborne

platforms at 30 km (100,000 ft) gitde. Most airborne platforms operate below

181 = 1L (8 o [PPSR 5

Figure 2. Elevation angles of airborne platforms as seen at monitoring stations

when the platform atudes exceed the minimum heightrequired for minimal

line of sight coverage (zero elevation angle) at monitoring stations. This figure

shows truescale geometry for a platforat 60 km (200,000 ft) feet altitude; such

altitudes are usually only acheby soundingroCKets........ccooeeiiiiiiiiiiiiiiieee e, 6.

Figure 3. Elevation angles above a terrestrial monitoring station horizon for
airborne platforms at various altitudes. Curves are plétted (5); Earth
curvature effect is therefore iNClUude...........ccoooe e 7.

Figure 4. The curves of Figure 3, plotted with logarithms of distances between
airborne platforms and omitoring stations. 1 Kft = 1000 fl...........ccoooriiiiiiiiiiccce s 8.

Figure 5. Relationship between minimum monitoring antenna minimum gain
(normalized to @Bi at O degrees elevation angledadistance for an airborne
platform at 10 km (33 kft) altitude, from (LL).......ccooriiiiiiiiiiiee e 12

Figure 6. Relationship between monitoring antenna minimum gain (normalized to
0 dBiat Odegrees elevation angle) and angle above horizon for an airborne
platform at 10 km (33 kft) altitude, from (5) and (11)-........ccooiiiiimimiiiieen e 13

Figure 7. Elevatiorangle antennpattern responses needed for a monitoring
station antenna for the parameters in Table.L........cccoooiiiiii i ccciii e 15

Figure 8. Idealized elevation and azimuthal radiation patternsaifimear,
stackeadipole array antENNAL............uuuiiiiiiiiii ettt 15

Figure 9. Minimum required monitoring antenna gain curves of Figure 7

compared to the collinear stackatay antennalevation pattern of Figure 8. The
stackedarray antenna pattern exceeds the minimum gain requirements at all

angles except belowdegree, where it is aboutdB lower than needed for 5 W

AUTDOIMNE IrANSIMITLEIS.... .ottt e e e e eeers e e as 16

Vi



LIST OF TABLES
Page

Table 1. Example airborne radio and monitoring station parameters..............ccccceeeeeeenns 14

vii



ABBREVIATIONS/ACRONY MS

ITS Institute for Telecommunication Sciences (NTIA)
NTIA National Telecommunications and Information Administration
RF radiofrequency

viii



ANTENNA SELECTION FOR MON ITORING OF AIRBORNE RADIO SYSTEMS
Frank H.Sanders

This Technical Memorandundescribes a process for selecting an appropriate
antenna for monitoringadio signals from airbornteansmittersA mathematical
formula for the optimal receiver antenna gain is presented. This formula takes into
accounthe factors of minimal required sigA@-noise ratio of signals in a

monitoring receiver, airborne radio transmitted power and antenna gain, airborne
radio height and resulting maximal lhoé-sight coverage, frespace propagation

loss, airborne radiagnal bandwidth, monitoring system bandwidth, and the
sensitivity of the mooptintalnonitaning ardeprat e moé s
gain iscalculated as a function of elevation angle above the local horizon. That
function isused to select aantennaype that willreceive signals from as many
airborne rads as possible. &vorked example of the selection process is
presentedAlthough it is assumed that a terrestrial system will be used for
monitoring, the process can be applied to antennas for maha&rorne

monitoring systems as well.

Key words: airborne signals; antenna gain; RF measureni#ninonitoring

1 PROBLEM STATEMENT
1.1 Introduction

With increasing emphasis being placed on more efficient and effective spectr{ih use
monitoring hasbecome more important for spectrum engineers, spectrum mareggpolicy
makers.Thereceivability ofsignals gaerated at or near ground lev@kignificantly affectedby
propagation factors including terrain, vegetation, stmas and atmospheric conditions between
transmitters and monitoring stationise designs and data outputs of monitostagionsmust

take into accourtheseterrestrial coverage limitations.

The propagation of signalsom airborne platform$ manyterrestriallocalitieswith minimal
obstructions on the local horizoim contrast, is minimally affected lgrrain, vegetatiorand
structures. Atmospheric effects can still be significant, batfiost order of approximatignhe
line-of-sight (LOS)propagation of airborne signals to ground staimaybe treated as free
space This unique aspect of airborne signals forms the basis of a tractable problem for the
design of terrestrial systemsathare to monitor the activity of airborne signals. That problem is
to make an optimal choice fogceiverantennas that ate be used for such monitoringhis

! The auhor iswith the Institué for Telecommunication Scien¢é¢ational Telecommunications and
Information Administration, U.S. Department of Commerce, Boulder, Colorado 80305.

? In this memorandupmonitoring refers to measurement of types, durations, received power éexkls
spectra of radiated signals in an outdoor environment.
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Technical Memorandundescribes a process foptimally choosingantennagor terrestrial
systensto monitor airborne signaland provides an example for a reairld scenarioThe
same process mayso be applied toaritimeairborne monitoring platforms.

This analysis assumes that the goal is to observe all airborne signals within a givédraband
originate from platforms withihOS of the monitoring stations or 4/3 Earth distance of those
stations as described belowhis methodology is therefore applicable to all frequency ranges
above the high frequency (HF) part of the spectwirare ovetthe-horizon propagation factors
are significant

1.2 Methodology for Selecting Antennas for Monitoring Airborne Signals

The methodology for selecting appropriate and optimized antennas for observing airborne
signals at terrestrial monitoring stations is basetirsnidentifyingthe physical factors that will
affect the reception of airborne signaléith those factors id#tified, the methodologydentifies
thefactorthatmost limitsthe reception ohirbornesignalsat monitoring stationsA

corresponding monitoring antenna parameter (e.g., gain) is then selected which performs well
enough to meet that particular limitati and assure that all airborsignals originating within
LOS of monitoring stations will be receivethatselectionensureghat a maximal number of
airborne signals will be received by monitoring statiéigh the degree of freedom represented
by thatparameter having been determinemmainingantennadctors are optimized for such
elements a4 OS coverage. Aset ofoptimal monitoring antenna parameters results from the
process.

The coverage of radio frequency (RF) monitoring stations is limitetidfectors of transmitter
powerlevel, transmitter antenna gaipropagatioossfactors,monitoring antenna gain
bandwidth of the transmitted signal, bandwidth of the monitoring systedthe sensitivityor
noise figureof a monitoring receiveiTo adiress thdast parameter, onitoring stationgand
monitoringstrategiesyhouldhave a criterion for a minimglowerlevel, S where measured
airborne signal power levelre to baeceivedabove internally generated receiver nolgthat
is, theyshould have criterionfor a minimalS/Nratio for airborne signadrength inmonitoring
station receivers.

In this study, transmittepower leves, transmitter antenna gains, transmitter frequencies,
propagation losseseceiver sensitivity, monitoringystem receiver bandwidtAnd the minimum
acceptablé&/Nratio of airborne signals in monitoring receivars treated as quantities that are
pre-determined; they cannot be adjusted in the problem of optimizing monitorirapsdasign.
The remainingparameter which may be adjusted receiver antenna gain

Thismemorandundescribes a procedure that

1) Establiskestherelationship betweebhOS separationetween monitoring stations and
airborne platformsandflight altitudes dovea smootlround Earthfor the condition in
which airborne platforms would be at zedegree elevation angléand maximal LOS
distanceYyelative to monitoring stations

2) Usesthe resulof (1) above to determirtbe relationship between separation distances and
elevation angleabovemonitoring station horizons for airborne platfoattitudesthat are



3)

4)

higherthan the minimum altitudes required to beatodegree elevation angles at
monitoring station locations

For both LOS distances and 4/3 Earth distanceterchines the rel@gionship between
1 Transmittedairborne signagffective isotropic radiated powegIRP)

1 Frequencyof airborne platforms

1 Distancebetween airborne transmitters and monitoring stations

1 Monitoring stationreceiver sensitivity

1 Ontuned rejection factor

1 Monitoring system antenna gain

1 ReceivedS/Nratios at monitoring stations

Determine optimal monitoring system antenna gain and elevation beam coverage angles
using the informabn above

A worked examplés providedto demonstrate the application of the methodolabggve



2 MONITORING SYSTEM SI GNAL RECEPTION CALCULATIONS

2.1 Elevation Angles of Airborne Transmitters Above Horizon at Given Distances on a
Smooth Round Earth

2.11 Maximum Smooth Round Earth LOS DistancesThegeometry between the height,of
apoint X abovethe surface od smooth round Earth and the LOS distadggs, from thatpoint
to a pointP onthe horizon is shown in Figure 1. Thght triangle formed byhetwo legsrgarn
andd, osand the hypotenusesf, + h) gives the exact relationshgepicted in Figure,1

i Q i 0 i N ¢ , (1a)
whichreduces to
Q N ¢ ) (1b)

Eart hds nmgm i$637lnd (B96%Sstatuteni). A high altitude for an airborne platform
is 30km (100,000 ft or about 19 mi) and a low Earth orbital altitude is about 160 km (10&@smi)
shown in Figure 1Even f an airborne platform wera an orbital dtitude of 160 km, which is

Y80 of 2rgann, the conditiorh << 2rganmm holdsand(1b) reduces to

Q cQ )

for platforms as high as low Earth orbit.units ofkilometers, (3) reduces @ p PIQ
The resulis accurate to within 0.percentof the true LOS distancaven ah =160 km.

2.12 4/3Smooth RoundEarth Distances.Tropospheric radio propagation at frequeneaiesve
HF (about 50 MHz)s normallyreliable at distances in excesp$s, out to a distance in which
the radius of the Earth in (2) is made larger than its true value by a factorasf dé3cribed in

[2] and[3]. When this 4/3 Earth (radius) distance is calculated usingi{2)units of kibmeters,

the result i€Q 5 p oliQ

2.13 Elevation Angles of AirbornePlatforms Above Monitoring Station Horizons.The
geometry of Figure 1 places an airborne platform at pobexactly on the horizon of a
monitoring station at poir®; a platform ai is at a zero elevation angle as seen fRorif an
airborne platform at a poiis at an altitude that exceeldfy an amounth, as shown in
Figure2, t hen the pl atf or mds Pevil exveadizeram Ifithecactugll e
distance fronP to a platform at heighQ "Q 3'Q s still approximatelyd, os, (i.e.,when

0 din Figure 2 is nearly equal thog, then

— 0WE — 3
and from (2 andthe geometry portrayed Figure 2

3Q Q Q Q —_— . 4
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Figure 1.Top Altitudes of low Earth orbit and higaltitudeatmospheric platforms shown at true
scaler el ati ve to the cur. BotdnEgrpandeutrustale diagiam oft h6s s
line-of-sight horizon limit forairborneplatforms at 30 km (100,000 ft) altituddost
airborneplatforms operate belothis altitude
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Figure 2. Elevation angles airborneplatforms as seen at monitoring stations when the platform
altitudes exceed the minimum heightrequired for minimaline of sight coverage (zero
elevation angle) at monitoring stations. This figurewgs truescde geometry foa
platformat 60 km (200,000 ft) feet altitudesuch altitudes are usually only
achievedby soundingockets.

Combining (3) and (4 theelevationangle g, of a platform apoint X in Figure 2 relative t@a
monitoring statiorwhen its distanced, is less than or equal thosis

[ 0hE — 0 pE — — . (5)

Referring to Figure 2, whel ¢x dis no longer large compared hya, the ratio ofd to 2reganmn
approaches zerb becomes smalhyoy approachegh, andu &= d becomeshe base leg of the
angleg. For small angleshisreduces (pto the conventional relation of

[ 08— 00 —. (6)

We consideairborne platforms to be far eagh from monitoring stations that® Qis large
compared tdyeta; (5) is therefore usefbr this memoranduths anal ysi s.

Results from (bare graphed in Figures 3 and 4 for airborne platforms at altitudes between 1.5
and10 km (5 33 kft).? These graphs show that, since most airborne platforms operate at or
below 10km altitude, at distances beyond 50 km (30 mi) most platforms are within 10 degrees of
monitoring station horizons. This implies that monitoring antennas with beam angles that
maximize gain within 10 degrees of local horizons will couple signals from most airborne
platformsat distances dd0 km or more

31 kft = 1000 ft.



60 T T T T T T T T T T T T

Elevangl.ep

10 km (33,000 ft) platform altitude
30 - . . -

6 km (20,000 ft) platform altitude
20
3 km (10,000 ft) platform altitude

10 1.5 km (5,000 ft) platform altitude

Elevation Angle Above Horizon at Monitoring Station (Degrees)

0 50 100 150 200 250 300 350

Distance of Airborne Platform from Monitoring Station (km)

Figure 3. Elevation angles above a terrestrial monitoring station horizon for airborne platforms at
various altiudes. Curvesare plotted from (B Earth curvature effect is therefore included.

2.2 ReceivedS/N Level at a Monitoring Station via Free Space Propagation

The next step iIis to calculate the strength of
receiver via freespace propagation. This signal strength needs to be calculated relative to the
ultimate | imit of the r ecrealygenerated hosselévél.,Froma mel y

(45) in[4],% and if the monitoring bandwidth is equal to or greater than the emission bandwidth,
0 OO0OYJIO o® ¢cu®Q ¢méiQ (7
where:

P, = power received in monitoring station circuitry (in units of ARP parametery
EIRP= airborne transmitter powd?;, plus transmitter antenna gat, (dBi);

Gr = monitoring station receiver antenna gain (dBi);

f = frequency (MHz);

r = distance from airborne platform to monitoring station (km).

*In this Technical Memorandurphysical quantities are in decibel units when they are represented in

upper case and are in linear units when represented by corresponding lower case letters. The gain of an
antenna relative to isotropitor exanple,is g = 1andG = 10log@) = 0 dBi

> The received power units are the same as the units of the transmitted power.

® The dependence of this equation on frequenapisiue to any physical frequency dependence in free

space propagation. The frequernesm results from the wavelengtlependent definition of an isotropic
antennads effective aperture, as explained on pag
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Figure 4. The curves of Figure 3, plotted withdathms ofdistances between airborne
platforms and monitoring statioris kft = 1000 ft.

AboveHF (about 50 MHZ, aradioreceiver is limited by internally generated thermal electron

noise’ This noise is generated by two sources: unavoidable, random electron asotion
described by statistical mechaniasd additional, excess noise that is introduceditzyit

componentsuch as mixerdownconvertestage in superheterodyne receivers. The first source

is determined by Boltzmannos

constant

snd

a multiplicative facto{amplification)of the inherent noise amdust be empidally determined.

The total amount of noise power that is generated by both sources is proportional to receiver
bandwidth.In decibel terms, the total amount of noise in a given bandwidth in any radio receiver

IS:

0 p T ¢ OB PHEEQ px0OEG pTIéR 00

where

Prmonitor = receiver system bandwidth (Hz);

k=Bol t zmannos A¢*IKst ant (1. 38
t = monitoring statiomeceiver temperaturéaken to b&90 K);
nf = multiplicative noise factor of the receiver (dimensionless);
NF = noise figure = 10logf) (decibels).

(8a)

’ At and below HF frequencies, noise from atmospteamidgalactic sources is dominant over internally

generated receiver noise.
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10logkt) =-204 dBWHz = -174 dBmiHz. ForPpgisein units of dBm and bandwidth in units of
megahertz, a factor of 10lddi Hz) = 60 dB is addetb -174, and (&) becomes

0 p 1t 1 Qd pHEILQ ppx+— puaid 0 "0 (8b)

The airborne signals that are to be monitored need to be received at powes,|dwsire high
enough to discriminate them from receiver npseso as to properly analytzieem. This desigk
power level is expressed signatto-noise ratio ¢/n). In decibel terms, the notation used here is
(S/N = 10logé/n) and an ortuned rejectia (OTR bandwidth mismatckactor is included

- PUERI—— pUERIFOI O O 0 Y)Y 9)
or
- 00Y0O Y@ CcméEW ¢caéiQ paé@ 00 0"YY (109
where OTR(on-tuned rejection) is

OTR=pméQ— pué® pméER and may not exceed zero;
Pemission= €mission bandwidth of the airborne radio system

OTRaccounts for reduction in measured power if monitoring bandwidths are less than emission
bandwidths. The sign @TRis negative, and bemission? Bmonitor theNOTR=Q

OTRvariesas10logof the ratio of monitoring bandwidtio emission bandwidtfor average
detection of higkduty cycle signals because power in a receiver bandwidth is ordinarily
proportional to the e c e ibandwidin.slowever,OTRgoes a20logof thisratio for peak
detected, pukd signals such as from radaais described ifb] and[6]. To achieve optimab/N
monitoring systenbandwidth shouldbeless than oequal tcairborne radiemissionbandwidth

Sinced "Y'Y p 11 ¢ & pméd under the condition thdbmission™> Bmonitor
(andOTR=0 otherwise), (10a) reduces in this case to

- O0YDO Y@ CTE ¢muéiQ 0O pmé@ , (10b)
with bmonitor dropping completely out of the equati@INin this case depends only Dghission

Otherwise, for the conditioBmonitor> Demission OTR= 0. This condition forcep 1 £ 9]
to be retained while the 1 € (® variable drops out. In this case,

— 00Y0O Y@ CcmEW ¢caéEiQ 0Opméd® . (109
If a minimumS/N(e.g., 10 dB of signals required bove measuremesystem noisgthen (10b)

and (10c) can be farranged to provide the minimum value of receiver antenna gain that is
required to meet this measurement criterion. WeRsion™> Bmonitor:



O - O0OYW® cméEQ ¢cméQ 0Opunéd . (119
OtherWlse, fOI’ the Condltlonnomtorz bemission

O - O0OYW® ¢méEW ¢muéEiQ 0Opmé@ . (11b
If the parameters @&/N EIRP, f, NF, Demission @Ndbmonitor are constrained by monitoring
operation requirements, then the only free parameters in (11a) and (1Ghpady. The
minimum value ofG; will therefore be determined by all of the rfvsee parameters including
the maximum possible value gfthe maxmum value of at which we nee; to work is
das3earte This parameter can be incorporated into our calculations via the use of maximum

operational altitudes of airborne platforms, as shown below.

2.3 ReceivedS/N Level VersusDistanceas a Limiting Factor in Monitoring Station
Reception

With horizortlimited spatial coverage f an a i r b dieldokview éstallished vian(@)s

and (5, and the freespace signal strengthr om a pl at f or mdéiesminecavihifo t r an
the nextstepidet er mi ni ng the | imiting factor in a mo
from the platform is to compare these factors With the altitudes of airborne platforms used

in lieu of the distances, at which they are visible above monitoring statinizons andunder

the condition thabemission™> Pmonitor (118) becomes

"Of, — O0OYW® CTOEQ (mEMPUQ 0 Opméd (129
while for Bmonitor2 Demission (110) becomes
"Of, — O0OYW® CTOEQ ¢OnéEMPUQ 0 Opméd 8 (12b
Combining constants in (12a) and (12b) into one term,
"Or, - OOYUr®& COé0 paé@ 00Opaéd : (13a)
and
"Of, - O0YDIM8 CcméW paAéE@ (O0Opaé@ (13b
for the condition®emission™> Pmonitor @NABmonitor 2 Demission r€SPECtively.

Formaximum (4/3 Earthlistance, where 9 4 p oUiQ the requirement for the

monitoring $ation receiveantenna gain igistc 1 ¢ “€j o = 1.25 dB higherthanthe value that
is required to receive LOS signalkhis changes (13a) and (13b) to

10



"Opy - 0O0Ylo& CuéW puanéW §0puéd (139
and

"Opr - O0OYlo& CuéMW pué@ 60puaéd 8 (13d
2.3.1Units

Regarding units in (13a)13d), note thaEIRPis in decibels relative to a milliwatt (dBpdue to
milliwatts having been used for the unitskofn (8a). The variables$, bmonitor aNdDemissionare in
megahertzh is in kilometers, and all other quantities dmmensionlesslecibes. If other units
are to be used, then the constant terms must be adjusted accordingly.

2.4 Optimal Monitoring Antenna Gain and Elevation Angle Coverage

Equationq13a)i (13d) are forairborne platformsvith elevation angles at a monitoring station
thatare zero orfor the4/3 Earthdistance) slightly below zerdf.the airborne platforms come
closer to the monitoring station thdmswhile maintaining altitudd, their elevation angles will
increase, as described by émd shown in Figures 3 and®he minimum gain for monitoring
station antennas therefore needs to maximize at the horizon and decrease with decreasing
distance and irreasing elevation angles. The functional forms of these relationships are shown
in Figures 5 and 6 for an hwrne platform at 10 km (33,000 #ltitude. Figure 6 can be

translated into a required elevation antenna pattern, as shown in the next section

11
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Figure 5.Relationship between minimum monitoring antenna minimum gain (normalized to

0 dBi at 0 degrees elevation angle) and distance for an airborne platform at 10 km (33 kft)
altitude, from (11)
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Figure 6.Relationship between monitoring antemrmimimum gain (normalized to O dBi at

0 degrees elevation angle) and angle above horizon for an airborne platforknat 10
(33 kft) altitude, from (5) and (11)
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3 EXAMPLE DEVELOPMENT OF AN OPTIMIZED RADI ATION PATTERN FOR A
MONITORING ANTENNA

3.1Introduction

Thefunctionalf or m of a moni t or i n gangetresponse thatvaonldben na 6 s
well-adapted to receiving signals from airborne platforms is shown in Figurelfs section a

worked example of the development of such an antenna pattern istpdefse a set of real

world conditions. This example can be followed by anyone who needs to design or select a
receivingantenna for this sort of monitoring

3.2 Parameter Settings
An exampleset ofairborne radio and monitoring statiparameters are presedtin Table 1

Table 1.Exampleairborne radio anchonitoring station parameters

Parameter Value
Airborne platform altitude 10 km (33 kft)
Airborne radio transmitter power 5W,10W, 20 W
Airborne radictransmitterantenna gain 0 dBi (hemispherical downward)
Airborne radicEIRP +37 dBm, +40 dBm, +43 dBm
Airborne radio frequency 1770 MHz
Airborne radio emission bandwidth 1 MHz
Monitoring station receiver bandwidth 1 MHz
OTR 0dB
Monitoring station receiver noise figurg 5dB
Minimum apcgptabléS/_Nratio at 10 dB
monitoring station

3.3 Graph of Optimal Monitoring Station Antenna Elevation Pattern

Figure 7 shows the curves for optin@l(calculated from (13as a functiorof elevation angle at
amonitoring station location for thexample parameters given in TabldHis curve is
equivalent to an optimal elevati@mgle antenna pattern for the monitoring antenna.

3.4 Comparison with aCommercially Available Antenna

The antenna patterns (elevation angle and horizontal) of a collataekeddipole array antenna
such as can be procured aoercially are shown in Figure & Figure 9, this pattern is
superimposed on the curves aflire 7 for comparison purposd$ie antenna pattern exceeds
the minimum requirements everywhere excepdWwen elevation angle of 1 degremd then it
only falls shortoy about 2 dBor relatively lowpower(5 W EIRP) airborne transmitters.

14



Figure 7. Elevatiorangle antenna pattern responses needed for a monitoring station antenna for
the parameters ihable 1.

Figure 8.ldealized &vation andazimuthalradiation patterns of a collinear, stacldifole array
antenna.
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